The expression of many nuclear genes in plants is light regulated. We have examined the fluence-response, time-course, and reciprocity characteristics of four nuclear, blue-light-regulated transcripts in Pisum sativum L. 
accomplished by maintaining the seedlings in continuous red light throughout the experiment (for discussion see 1, 2, 4, 21) . Using this growth protocol, Marrs and Kaufman (18) demonstrated that a brief pulse of blue light is capable of altering the steady-state levels of several nuclear-coded transcripts as well as the rate of transcription of the genes coding for these transcripts. Blue-light treatment results in an increase in the steady-state-RNA level and rate of transcription for the Cab (Chl a/b binding protein) gene family and a gene detected by cDNA clone pEA215 (a partial pea cDNA clone which encodes the C-terminal 14 amino acids of a sequence which has strong similarity to known Cab sequences, but which is not a member of the Cab gene family; WF Thompson, personal communication; 20) . The blue-light treatment resulted in a decrease in the steady-state-RNA level and the rate of transcription of the gene families detected by cDNA clones pEA207 (a pea clone showing strong sequence similarity to those of seed lectins; 8) and pEA25 (the gene product is unknown ; 20) .
We report herein the fluence-response, time-course, and reciprocity characteristics for the blue-light responses of Cab RNA, pEA207 RNA, pEA25 RNA, and pEA215 RNA.
MATERIALS AND METHODS

Plant Growth Conditions
Photomorphogenesis occurs in higher plants through the actions of phytochrome, responding primarily to red light, and a family of blue-light receptors, responding to blue and near-UV light (4, 9, 10) . Excitation of a blue-light receptor is known to control such processes as inhibition of stem elongation in dicots (7, 21) , phototropic curvature in fungi and higher plants (2, 11) , chloroplast movement in Vaucheria (3) and phototaxis in Euglena (6) and Dictyostelium (19) . While some blue-light responses are well described at the physiological level, very little is known about the effects of blue light on gene expression (16, 22) .
As phytochrome can respond to blue light, especially in long-term irradiations (17) (20) . pEA207 is a pea cDNA clone detecting an apex specific, dark-abundant transcript which shows considerable sequence homology to seed lectins (8) ; pEA215 is a partial pea cDNA clone which encodes the C-terminal 14 
RNA Isolation and Quantitation
Total RNA was extracted from tissue apical to the third node by LiCl precipitation as described elsewhere (13, 15) .
Tissue from approximately 35 seedlings was used per experimental replicate. Three to four independent replicates were performed per experiment. Five ,g of total RNA were fixed to nitrocellulose (Schleicher and Schuell, Keene, NH) using a Minifold II slot-blot apparatus (Schleicher and Schuell) and probed with the appropriately labeled cDNA clones as described previously (13, 15) . Hybridization conditions, standardization and quantitation of the slot-blot assay are also described elsewhere (13, 15) .
Statistics
Each point represents the average of at least three independently replicated experiments. Tissue from at least 35 seedlings is used for each replicate. Error bars represent standard errors of the mean.
RESULTS
Fluence-Response
The steady-state-RNA levels for the transcripts corresponding to Cab, pEA215, pEA25, and pEA207 resulting from irradiation with different fluences of blue light are shown in Figure 1 . Three fluence-response patterns are observed. Cab and pEA215 RNA have bell-shaped fluence-response curves.
Accumulation of Cab RNA has a threshold at or below 100 ,umol m-2 and a peak at 102 ,umol m-2. Accumulation of pEA215 RNA has a threshold below 10-' umol m-2, and the peak accumulation at 10' Utmol m-2. Both (Fig. 1B) . It was of interest, therefore, to detail the kinetics of accumulation for each of the transcripts in response to 10' and 104 ,Imol m-2 fluences of blue light.
The time-course of accumulation for each transcript was measured in response to 101 ,mol m-2 (Fig. 2) . Cab and (Fig. 1) , transcripts corresponding to pEA25 and pEA207 decreased in response to the 104 ,umol m-2. Both transcripts start to decrease 3 h after the treatment. pEA207 RNA levels continue to decrease at a lesser rate through the 24 h time point.
Reciprocity
It is possible that the levels we observe for the specific transcripts in response to specific light treatments is not solely a function of the total number of photons delivered (i.e. total fluence), but is due in part to the length of the irradiation period. For example, it is possible that during the longer irradiations a second more efficient receptor is synthesized. If this were the case, the responses observed would not be a function solely of total fluence and the thresholds observed may be incorrect. In order to determine if the length of time over which the irradiation was delivered has an effect on the level of transcript observed, the level of transcript resulting from blue light irradiations of a fixed total fluence, delivered over different lengths of time were compared. The results shown in Figure 3 demonstrate that the transcript levels are not altered as a function of the length of irradiation period for total fluences of 10' and I04,umol m-2. Thus, the BunsenRoscoe Law of Reciprocity (the response to a light treatment is a function of the total number of photons in the treatment and is independent of the time over which they are delivered) holds for Cab, pEA215, pEA25, and pEA207 RNA at both 10' and 104,umol m-2.
Total Extractable RNA per Apex
The decrease observed for pEA207 RNA and pEA25 RNA can result from an increase in total RNA with little or no real change in pEA207 RNA and pEA25 RNA levels (i.e. dilution), rather than a decrease in the rate of transcription and/ or an increase in the specific rate of degradation for pEA207 RNA and pEA25 RNA. We have recently determined that the rate of transcription for pEA207 and pEA25 does indeed decrease as a result of blue-light excitation (18) .
In order to determine if the blue-light treatment results in a large increase in total RNA, total extractable RNA was measured as a function of fluence (10-lI104, mol m-2) 24 h after irradiation. No difference is observed between control and blue-light treated seedlings (Fig. 4A) . Therefore, the decreases observed for pEA207 RNA and pEA25 RNA are probably not resulting from a blue light-induced increase in total RNA with little or no change in pEA207 RNA and pEA25 RNA levels.
The time course for accumulation oftotal extractable RNA per apex was measured for control seedlings and seedlings treated with 104, mol m-2 of blue light (Fig. 4B) . Both treated and control seedlings showed an increase in total extractable RNA occurring 3 to 5 h after the treatment.
DISCUSSION
We have expanded upon the observation of Marrs (12) . The threshold and saturation fluences for pEA25 RNA occur below 10-' ,tmol m-2; The observed decrease for the steady-state levels of pEA207 RNA and pEA25 RNA can result from the specific degradation of pEA207 and pEA25 transcripts, and/or an increase in other transcripts with little of no real change in pEA207 RNA and pEA25 RNA levels (i.e. dilution). There are no observed differences in total extractable RNA between control and treated seedlings 24 h after blue-light irradiation, indicating that dilution is probably not occurring. This is further supported by the fact that the thresholds for the respective decreases in pEA207 RNA and pEA25 RNA differ by at least 3 orders of magnitude (Fig. 1) (21) . In the latter case, it has been suggested that the bell-shaped fluence-response curve is the product of two antagonistic processes, one with a threshold at or below 10-' ,umol m2 of blue light and resulting in suppression; and a second, responding to high fluences only, alleviating the suppression (21) . Based solely on the similarity of these response characteristics, it is possible that the signal-transduction mechanisms regulating steady-state-RNA levels have some early steps in common with cognate transduction mechanisms regulating suppression of elongation.
Previous studies have shown that the steady-state levels of Cab, pEA25, and pEA215 RNA are phytochrome regulated (13-16, 20, 22) . Cab and pEA25 are multigene families (12) , and different members may be blue-light and/or phytochrome regulated. A single-copy gene is probably responsible for pEA215 RNA (12) , and, therefore, these results indicate that it is possible for a single gene to be both phytochrome and blue-light regulated. Blue-light does affect the rate oftranscription of the gene responsible for pEA215 RNA (18) and the same is probably true of phytochrome excitation. This raises the possibility that both signal-response mechanisms might feed into the same transcriptional regulatory factors.
It is interesting that Cab and pEA215 (a Cab-like gene) RNA which respond similarly to blue light also respond similarly to phytochrome excitation (13) (14) (15) . Both transcripts appear to be under very rigid photoregulation as there are at least four photocontrols: very low fluence and low fluence (13, 15 ) phytochrome responses; a low fluence-induced accumulation and high fluence-induced decrease to blue light. Why the Cab and pEA215 transcripts need to be so tightly regulated is unknown.
